Objectives. We described the uptake and coverage rates of meningococcal conjugate vaccine (MCV4); tetanus-diphtheria-acellular pertussis vaccine (Tdap); and quadrivalent human papillomavirus vaccine (HPV4) in North Dakota using the North Dakota Immunization Information System (NDIIS).
Prior to 2005, tetanus-diphtheria vaccine (Td) was the only routinely recommended vaccination for adolescents. 1 Large-scale immunization campaigns were not routinely in place for adolescents except in unique circumstances, such as disease outbreaks and catch-up vaccination campaigns. 2 Starting in 2005, for the first time, new vaccines were licensed and recommended specifically for adolescents. Providing access to the newly recommended adolescent vaccines required new approaches that differed from those for infants and children.
Between 2005 and 2006, the Advisory Committee on Immunization Practices (ACIP) recommended routine meningococcal conjugate vaccine (MCV4) and tetanusdiphtheria-acellular pertussis vaccine (Tdap) for all children aged 11 and 12 years, as well as quadrivalent human papillomavirus vaccine (HPV4) for females aged 11 and 12 years. [3] [4] [5] Catch-up vaccination was recommended for adolescents who did not receive these vaccines at 11 and 12 years of age. In late 2009, the U.S. Food and Drug Administration (FDA) licensed a bivalent human papillomavirus vaccine (HPV2) and expanded the indication for HPV4 to include males, with a permissive recommendation by the ACIP. 6 HPV4 in males and HPV2 were not analyzed in this study.
National immunization rates are tracked using a variety of survey tools, including the National Immunization Survey (NIS), the National Health Interview Survey, and the Behavioral Risk Factor Surveillance System. Starting in 2006, the NIS conducted national surveys to determine adolescent vaccine rates and is the only national survey to estimate adolescent vaccination coverage. 7 The NIS data are useful in determining overall trends of adolescent vaccine uptake, but there are limitations to the data. It takes a year to collect the target sample size per area and, as a result, NIS data are reported for the previous year, leaving a gap between changes in the vaccination schedule and evaluation by NIS. The NIS-Teen is powered to achieve an expected 95% confidence interval (CI) per state of about 66% for 13-to 17-year-olds and 69% for females only. The NIS is not designed to provide precise estimates for smaller geographic areas or for population subgroups within states. 8 Without detailed, real-time data, an immunization program's ability to implement new strategic initiatives to increase immunization coverage is limited. Monitoring the uptake of new vaccines is critical to understanding where future resources and efforts need to be directed. Ideally, immunization information systems, such as the North Dakota Immunization Information System (NDIIS), provide supplementary data that the NIS is not designed to obtain by providing local-level data and a timely surveillance system that allows immunization programs to analyze the impact of decisions, such as school immunization requirements.
We analyzed information from the NDIIS to determine the number of doses of each vaccine administered since licensure; the vaccination rates for Tdap, MCV4, and HPV4; trends for the three vaccines, including rates by age group; whether adolescents are missing opportunities to receive vaccines; the percentage of adolescents up-to-date (UTD) on all three vaccines; and doses administered by provider type.
METHODS
The NDIIS was established in 1988 using a modem connection and has been Web-based since 2001. The NDIIS's primary purpose is to provide complete and accurate vaccination histories to health-care providers, schools, and disease investigators. The NDIIS stores information on all segments of the population, including children, adolescents, and adults. The NDIIS captures data about immunizations given in North Dakota and consolidates information about immunizations received from multiple providers.
The NDIIS has high provider participation, with more than 90% of immunization providers enrolled and entering immunization information. Fifty-five percent of vaccine encounters are entered within one day and almost 95% are entered within 30 days. Immunization providers are required by state law to enter immunization data for children aged 18 years and younger into the NDIIS. 9 NDIIS vaccination coverage rates for 2008 and 2009 were within the NIS 95% CIs. Because of high provider participation and timely data, the NDIIS data provide in-depth, real-time answers about the uptake of adolescent vaccines that help programmatic decision-making when used in conjunction with the NIS.
The North Dakota Department of Health receives funding from the Centers for Disease Control and Prevention as an Immunization Information System Sentinel Site, which helps support research activities using NDIIS data. 10 We restricted analyses to patients receiving at least one dose of Tdap, MCV4, or HPV4. For HPV4, an initiated vaccine series was defined as having $1 HPV4 dose, partial vaccination was defined as having between $1 HPV4 dose and ,3 HPV4 doses, and full vaccination was defined as having $3 HPV4 doses. At least 24 weeks between the first and third doses of HPV4 vaccine are needed to complete the series. 5 All records containing a date of vaccination with MCV4, Tdap, or HPV4 were queried from the NDIIS Public Health Reports / 2011 Supplement 2 / Volume 126 as of December 31, 2009 . Missed or delayed opportunities were defined as having a Tdap, MCV4, or HPV4 dose administered and not receiving the other recommended adolescent vaccine(s) on the same day. We calculated adolescents receiving no vaccines by determining the total number of 13-to 17-year-olds who received Tdap, HPV4, or MCV4 and subtracting that from the U.S. Census number. Information obtained in the query included birth date, county, gender, vaccine name, provider name, and date of administration. Illogical data, including doses given before licensure, incomplete information, and illogical values according to the NDIIS, were removed from the analysis. We used the 2008 U.S. Census estimate for North Dakota to estimate the number of people in each age group. 11 There were 41,678 adolescents aged 13-17 years in North Dakota according to the U.S. Census.
Adolescents were analyzed as of Quarter 4 2009. Adolescents aged 11-18 years were born between January 1, 1991, and December 31, 1998. Adolescents aged 13-17 years were born between January 1, 1992, and December 31, 1996.
RESULTS

Doses administered by year
In North Dakota, 37.4% (n522,165) of the HPV4 doses were administered in 2008 and 28.5% (n516,906) were administered in 2009. Of the total Tdap doses given, 27.5% (n531,701) were administered in 2008 and 32.3% (n537,250) were administered in 2009. Of the total MCV4 doses given, 27.8% (n516,023) were administered in 2008 and 22.2% (n512,800) were administered in 2009 (data not shown).
Vaccine coverage by age and vaccine type
As shown in Table 1 , excluding the 11-to 12-year age group, which remained similar, adolescents aged 13-17 years were more likely to have received Tdap, HPV4, and MCV4 in Quarter 4 2009 than in Quarter 4 2008. Adolescents between the ages of 11 and 12 years were likely to be in the process of being vaccinated and, as a result, less likely than older adolescents to have received the recommended vaccines. In both 2008 and 2009, adolescent females were more likely to receive $1 dose of Tdap and $1 dose of MCV4 than $1 dose of HPV4. 
Comparison with the NIS
Missed opportunities during vaccination visits
Among males aged 13-17 years, 51.1% either missed or delayed an opportunity to receive both Tdap and MCV4 at the same time ( Table 2) . Of those with a missed opportunity, 70.6% missed an opportunity to receive MCV4 and 29.4% missed an opportunity to receive Tdap. Of females aged 13-17 years, 11.5% received Tdap, MCV4, and HPV4 on the first visit; 28.9% missed only HPV4; 29.9% missed both HPV4 and MCV4; and 9.1% missed HPV4 and Tdap. Only 11.2% missed MCV4 and Tdap and received HPV4. Adolescent females aged 13-17 years who received all three vaccines on the first visit were more likely (64.6% considered UTD) to complete the recommended series than those who did not receive all three vaccines on the first visit (19.3% UTD) (data not shown).
Provider type
As shown in Table 3 , adolescents aged 11-18 years were more likely to receive Tdap and MCV4 than HPV4 at public health units (PHUs). The type of provider administering vaccine did not differ significantly between MCV4 and Tdap, except for adolescents aged 16-18 years. For adolescents 16-18 years of age, 50.3% of Tdap doses and 41.5% of MCV4 doses were administered at PHUs. HPV4 doses were more likely to be administered at private providers than at PHUs, with 59%-65% of HPV4 doses administered at private practices for all age groups. Indian Health Service facilities accounted for fewer than 10% of doses administered for each type of vaccine in each age group.
Immunization trends in North Dakota
The immunization rates for all three routinely recommended adolescent vaccines have been rising in North Dakota, although at different paces depending on the vaccine (Figure) . Adolescents were more likely to receive Tdap and MCV4 than HPV4. HPV4 vaccine has been administered to the ACIP-recommended groups, but coverage levels remain low. Many of the vaccine recipients have not received the full series. More than one-third of HPV4 recipients who could have completed the series if they had remained on schedule were only partially vaccinated. There has been a steady rise in HPV4 doses administered, but a substantial increase has yet to be observed.
Providers have been missing opportunities to vaccinate adolescents. Only half of males who received either Tdap or MCV4 received both vaccines at the same visit, and only 11% of females received Tdap, MCV4, and HPV4 at the first visit. Adolescents who did not receive all recommended vaccines on the first visit were less likely to receive all recommended vaccines. At PHUs, adolescents were more likely to receive Tdap and MCV4 than HPV4. The majority of HPV4 vaccine has been administered within the private sector.
DISCUSSION
The NDIIS data are consistent with the NIS, which has shown HPV4 coverage levels to be lower than Tdap and MCV4 coverage levels. 12 The NDIIS results show the importance of missed opportunities in adolescent vaccinations and the greater reliance on the private sector for HPV4 than for Tdap and MCV4. There are multiple reasons for HPV4 to have greater reliance on the private sector and to have lower coverage. For one, it is the most commonly refused vaccine routinely administered in the United States, and most states do not mandate HPV4 for school entry. 13, 14 North Dakota should implement education programs for providers and parents about the safety of HPV4 and the importance of all adolescent vaccines. 15, 16 Assessment, Feedback, Incentives, and Exchange (AFIX), a program designed to provide intervention and education to immunization providers, has been shown to help improve childhood immunization rates, and providing AFIX to adolescent providers could be a cost-effective way to educate providers and increase adolescent vaccination rates. 17 Unlike Tdap and MCV4, which have been required since the 2008-2009 school year, North Dakota does not require HPV4 at middle school entry. 18 School entry requirements have been shown to be effective at increasing coverage of required vaccines shortly after their adoption and could be an effective way to increase the number of females vaccinated with HPV4, as they have with the hepatitis B vaccine. 19, 20 However, an HPV4 vaccine requirement is a politically charged issue that makes an HPV4 school entry requirement less feasible than Tdap and MCV4 school mandates. 21 With the ACIP making a permissive recommendation of HPV4 for males, these issues will become even more complicated in the future.
Another barrier to being vaccinated against HPV4 is cost, which is rising due to the number and expense of vaccines. HPV4 is currently the most expensive vaccine on the market. 22, 23 The Guide to Community Preventive Services recommends reducing out-of-pocket expenses for vaccines by providing insurance coverage, reducing copayments, or paying for vaccines and/or administration fees. 24 North Dakota has provided free vaccines to children aged 18 years and younger who are Medicaideligible, uninsured, American Indian/Alaska Native, or underinsured through the Vaccines for Children (VFC) program, as these vaccines were recommended by ACIP. 25 However, the VFC program does not cover insured children with high deductibles or the cost of an office visit with a physician. These barriers need to be addressed to help increase vaccination coverage.
North Dakota data show that providers are missing opportunities to give adolescents all three recommended vaccines. Providers and parents should be educated about the importance of vaccination with all recommended vaccines during a visit. In a national survey, physicians identified adolescents having few preventive care visits as a barrier to immunization. 26, 27 This barrier has become apparent as the vast majority of adolescents require two or three additional visits to receive all recommended vaccines on time. 28 Increasing HPV4 vaccination coverage will require additional visits, and as the NDIIS data show, missing an opportunity to receive HPV4 vaccination when other vaccinations are given will increase the likelihood of undervaccination.
According to NDIIS data, more than one-third of females who initiated the HPV4 series and are eligible to complete the series have not received all three doses. To reduce the number of adolescents not completing the recommended vaccine series, immunization providers should review their Immunization Information System (IIS) record at each clinic visit, and the IIS and providers should incorporate reminder/recall into their practices. 29, 30 A review of the literature on reminder/recall found it to be an effective way to increase immunizations for both children and adults in 80% of all reviewed studies. 31 Eliminating missed opportunities and adding reminder/recall will improve rates, but new strategies need to be used to increase the number of adolescents initiating the vaccine series. Even if every adolescent who had received at least one dose of MCV4, Tdap, or HPV4 in North Dakota had been fully UTD, more than 10% of adolescents had not received any doses of these vaccines ( Table 2 ). Strategies such as school immunization clinics and increased enforcement of school immunization requirements could help immunization providers reach a greater percentage of the population. 32 Studies show that well-organized school-based vaccination clinics can help achieve high immunization rates. 33 Collaboration between public and private immunization providers to plan and implement school vaccination clinics, along with subsidized vaccines, would help reach adolescents who are less likely to be vaccinated.
Limitations
There were several limitations to this study. First, North Dakota has a small population and the study findings are not necessarily representative of other states. Second, the NDIIS contains more adolescents than census data suggest are in North Dakota. This discrepancy is due to duplicate records and because people who move to North Dakota and receive an immunization are added to the NDIIS, but the NDIIS does not currently have a way to track people who move out of state. Therefore, the NDIIS overestimates population size and, as a result, underestimates immunization rates when NDIIS population estimates are used as a denominator.
Third, we used U.S. Census numbers for the denominator to prevent downward bias in the coverage estimates. The analysis for missed opportunities did not take into account whether an adolescent had a health-care visit in which no vaccines were given or the adolescent received vaccines (e.g., influenza) and, as a result, missed all three vaccines. Older adolescents may have received Td and would not currently be recommended for Tdap, resulting in lower Tdap coverage. It is possible that some MCV4 doses were mistakenly recorded as meningococcal polysaccharide vaccine (MPSV4) and Tdap as Td, especially shortly after licensure.
Lastly, although more than 95% of immunization providers are using the NDIIS and are required by law to enter immunization information into the NDIIS for children aged 18 years and younger, it is possible that, early on, providers entered adolescent immunizations less frequently than childhood immunizations. An increase in reporting over time would lead to an exaggerated apparent increase in the vaccination rates trend.
CONCLUSIONS
Despite these limitations, the NDIIS is useful for tracking vaccine uptake/coverage, and NDIIS adolescent vaccination coverage rates for 2008 and 2009 were within the NIS 95% CIs. The NDIIS has high provider participation and more than 90% of immunization data are entered within one month. These strengths allow the NDIIS to be used to estimate vaccination coverage trends. Further evaluation should be conducted to determine whether adolescents are missing opportunities to be vaccinated with MCV4, Tdap, or HPV4 when receiving other vaccines (e.g., influenza and catch-up
